Mechanism of action of the antimitotic drug 2,4-dichlorobenzyl thiocyanate: alkylation of sulfhydryl group(s) of beta-tubulin.
The compound, 2,4-dichlorobenzyl thiocyanate (DCBT) was previously shown to cause mitotic arrest, disruption of intracellular microtubules, and inhibition of tubulin polymerization, with resistance to the drug conferred by a mutation in a beta-tubulin gene (Abraham, I., Dion, R.L., Duanmu, C., Gottesman, M.M. and Hamel, E. (1986) Proc. Natl. Acad. Sci. USA 83, 6839-6843). We have now examined its mechanism of action in further detail and conclude that DCBT acts as a sulfhydryl alkylating reagent. A mixed disulfide forms between the 2,4-dichlorobenzyl mercaptan moiety of DCBT and protein sulfhydryl groups with release of cyanate anion to the medium. Gel filtration and dialysis of complexes of tubulin formed with either [nitrile-14C]DCBT, [35S]DCBT or [benzyl-3H]DCBT demonstrated persistent association of 35S and 3H with denatured tubulin, but no binding of 14C to the protein even under native conditions. With equimolar tubulin and DCBT, beta-tubulin is the predominant alkylated species. At high drug concentrations, superstoichiometric amounts of DCBT react with tubulin, and both subunits are alkylated almost equally. When extracts of drug-treated L1210 murine leukemia cells were examined by polyacrylamide gel electroporesis, we found that multiple proteins were alkylated by DCBT, but the most prominent radiolabeled band was that corresponding to beta-tubulin. Dithiothreitol partially reverses inhibition of tubulin polymerization by DCBT and removes almost all the 2,4-dichlorobenzyl mercaptan moiety covalently bound to tubulin. Mitotic arrest occurs with DCBT because tubulin is the cellular protein most sensitive to the agent, probably because of its high cysteine content (20/mol).